heart disease and the size of the left atrium.1)-4) Large f waves have been described in rheumatic heart disease and a large left atrium, whereas small f waves have been reported in arteriosclerotic heart disease and normal left atrial size. However, little attention has been paid to the f waves in paroxysmal atrial fibrillation. The present study (1) compares the f wave size in paroxysmal atrial fibrillation and in persistent atrial fibrillation and (2) examines whether the f wave size can predict the development of paroxysmal atrial fibrillation from persistent atrial fibrillation.
MATERIALS AND METHODS
The study population consisted of 60 patients with paroxysmal atrial fibrillation and various non-rheumatic underlying diseases (group A), 87 patients with persistent atrial fibrillation and various non-rheumatic underlying diseases (group B), and 34 patients with persistent atrial fibrillation and rheumatic heart disease (group C). Detailed data concerning these patients are presented in Table I . The diseases in group A included diabetes mellitus (4 patients), hyperthyroidism (2 patients), lung fibrosis (2 patients), congenital heart disease (1 patient), and cardiomyopathy (1 patient). The diseases in group B included diabetes mellitus (5 patients), hyperthyroidism (1 patient), lung fibrosis (2 patients), congenital heart disease (2 patients), non-rheumatic . Group C consisted of 24 patients with mitral valvular disease and 10 patients with combined mitral and aortic valvular disease. Adequate, standard 12-lead electrocardiograms were recorded in all patients. Every patient was followed up for 6 months or more. Paroxysmal atrial fibrillation was defined in this study as atrial fibrillation returning to sinus rhythm without any specific defibrillatory treatment. By contrast, persistent atrial fibrillation lasted for 6 months or more. Paroxysms occurred only once or twice in 24 patients with an average observation period of 2.0 years, 3 to 20 times in 22 patients with an average observation period of 3.5 years, and more than 20 times in 14 patients with an average observation period of 2.5 years. A single paroxysm lasted for less than 24 hours in 33 patients, for 24 hours to 3 days in 16 patients and for more than 3 days in the remaining 11 patients. The average age of subjects in group C was significantly lower than in the other 2 groups. Persistent atrial fibrillation developed in 14 (established group) of 60 patients with paroxysmal atrial fibrillation (group A); the atrial fibrillation was paroxysmal throughout the observation period in the remaining 46 patients (non-established group). The interval between the first record of paroxysmal atrial fibrillation and the development of persistent atrial fibrillation was less than 6 months in 3, 7 to 12 months in 5, 13 to 24 months in 1, 25 to 36 months in 1, 37 to 48 months in 2, and 49 to 60 months in 2 patients. The f wave size was expressed as an average amplitude of the 5 largest f waves which were measured in lead V1 by the method of Peter et al.5) This measurement was made from the upper edge of the trough to that of the peak. When electrocardiograms were repeatedly recorded with various intervals in the same patient, values measured on the first tracing were used as a representative for the patient. Student's t test and chi-square test were used for statistical analyses.
RESULTS
Size of f waves in paroxysmal and persistent atrial fibrillation: Table I and Fig. 1 show the f wave size in paroxysmal atrial fibrillation with non-rheumatic underlying diseases (group A), persistent atrial fibrillation with non-rheumatic underlying diseases (group B), and persistent atrial fibrillation with rheumatic heart disease (group C). The mean f wave size in group A was significantly smaller than those both in group B and group C (p<0.01, respectively). There were no significant differences in the mean f wave size among patients with different underlying diseases in each group. In persistent atrial fibrillation, the f wave size was significantly larger in Jpn. Heart J. 
DISCUSSION
Since Cookson1) stated that the size of f waves was medium to large in rheumatic heart disease and medium to small in other types of heart disease, the amplitude off waves has been used as a diagnostic tool for rheumatic heart disease. Thurman and Janney2) analysed 194 patients with atrial fibrillation and came to the same conclusion. The present study also confirmed these observations.
On the other hand, the clinical significance of f waves in paroxysmal atrial fibrillation has been virtually ignored. In his clinical study of atrial fibrillation, Arima6) illustrated smaller f waves in patients with paroxysmal atrial fibrillation than in patients with persistent atrial fibrillation but he did not discuss f wave size in his text. The present study clearly demonstrated that the average size of f waves is significantly smaller in paroxysmal than in persistent atrial fibrillation. The f wave size has been said to correlate directly with the left atrial size.1)-4) Thus, the present results are compatible with our previous observations by echocardiography that the average size of the left atrium is smaller in paroxysmal atrial fibrillation than in persistent atrial fibrillation.7) However, the relationship between f wave and left atrial size is controversial. For example, both Garber et al8) and Morganroth et al9) claim that these parameters are not correlated. These disagreements are probably a matter of patient selection. The size of f wave does not depend upon only the atrial size, but also other factors such as the age of patients, duration of atrial fibrillation, type of underlying heart disease and therapeutic agents.4)8)-12) By measuring the atrial volume in autopsided, aged patients, Inoue et al11) concluded that the atrial volume was one contibuting factor to the f wave size.
The present study indicates that the presence of larger f waves in paroxysmal atrial fibrillation is associated with the later development of persistent atrial fibrillation. The larger f waves may be a manifestation of atrial abnormalities such as atrial enlargement, which may predispose a patient to persistent atrial fibrillation. It is controversial whether the atrial enlargement is a cause or effect of atrial fibrillation. In an echocardiographic study, Henry et al13) suggest that left atrial enlargement is a cause of atrial fibrillation. Further studies will be required to examine the relation between f wave size and left atrial size in paroxysmal atrial fibrillation.
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